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ABSTRACT 

The  moisture  coutent of cotton at time of l~arvest  has a dirwt  effect 011 cotton  quality. 
Weather,  in  particular  relative  humidity,  strongly inHllences variation  in cott,on moisture 
content.  This  paper  sur~lmarizes  three years of obsrrvatiorls of n-cather  in and around 
cotton fields at harvest  time  in  the  hhsissippi  Delta. 

Detailed  studies of t,hc variation of relative  humidity,  tc~mpcrature,  wind,  sunlight, dew, 
and  evaporatiou  have bccn made  in  lcafcd fields and  in ficlds where  leaves were removed 
artificially. Single weather  variahlcs and combinations of variables have been related to 
dew  intensity and to  the rate of evaporation.  Surface w e a t h c ~  maps  are  presented  to show 
the  average pressure patterns  associatcd  with estren1c.s in drxw and c,vaporation. A prc- 
lirninary  cotton  picking  guide, dr.vfJloped joiutly by t,he \Irrxatbcr I3ureatt and the Cotton 
J3arvesting  Section of t h c  [J.S. Departtncnt of Agriculturc,  which  gives  tho  farrncr a11 ohjm- 
tivc cxstimat,e  of when to  start picking  cotton 011 thv basis of weathclr variation,  illustrate5 
how weathw information can improve  farm ofFtcict1c.y. 

1. INTRODUCTION 
Dr.>- weather is  good cot'ton  picking wea th r .  In the 

hum.id Cotton  Belt,  over 8 million  bales w-it11 :I cad1  vdue 
of over :t billion clohrs  were httrvestcd  in 1959. Some of 
this  cotton wws hnrvestcd too wet : t n d  t he  consequent 
reduction  in  quality  resulted  in a price drop of $10 to $15 
per h d c ;  thus damp  cotton  in  the  humid belt  is :I problem 
of considerable  economic  im.portancc. 

Wet weather  in  the  form of cxcessive rain  gives  poor 
httrvcst conditions;  mecllanical  equipment'  is  inopcr. d t '  1vc 

when soils :ire water-logged; if t'hc  rain  persists,  maturity 
may  be c1el:tyd until  the  plants M C  caught  by frost'; t t n c l  
frequent  soaking of lint b -  rain  stains  the  cotton.  This 
type of wet' weat'her  damage has no control.  Wet,  weather 
in the  form of high  humidity is  tiamaging to  quality if the 
cotton is picked  while wet. If the  cotton is not Irarvestetl 
until  the  lint has dried,  higher  quality  results.  This type 
of wet  weather  damage does have a control; a harvest 
program that  restricts  operations  to  periods of optimum 
moisture  conditions of cotton on the  stalk. 

When  cotton is picked  too wet or with a seed cotton 
m.oisture content  above  about IO percent,  staining is m.orc 
frequent  and  more  t'rasll  adheres to the  lint [1,2]. H?- the 
middle of t'hc harvest season, most  gins are ovcr1o:ded 
and many trailer  loads of cotton are kept wait'irlg a t  the 
gin yard. The delay accelerates  bact'erial activity which 
causes  increased  discoloration and gencrnl deterioration 
of fiber and seed. After  wet'  cotton reaches the  gin,  fairly 
high tem.perwtues tire necessary for drying  the  lint to a n  

acctptablr  moisture lcvel. This makes the fiber brittle 
and  staple  Icngth is often reduced. 

Rcscnrch  has shomn that  rclative  humidity  exerts  the 
grelltcst  control over seed cotton  moist'urc  variation  with 
the exception of actual  rainfall.  Wooten  and  Montgomery 
found  that  after a mortling dew a relnt'ive  humitlity of 
:tpproxim.:ttely 50 perccnt is the dividing  line  between 
votton  dry  enough  to pick and rott'on t'llat, is too wet. 
Under  the  usual  harvest  weather  conditions, re]. d t,' lVt? 

hum.itlity  can tw used to give :l realistic  estimate of the 
seed cotton  moisture  content on the  st,& [3,4]. 

Defoliation, or the rcmov:ll of lettves by c.hemic:d 
:tpplic:ttion, is 11ow practiced on over half of the  cotton 
:~creage i n  thc 1tum.itl belt. Its origirld purpose w-as to 
retlucr lcaf tr:tsh gtttllcrcd by  the ever increasing  number 
of mec~hanic:tl pickers [ 5 ] .  In the last few years,  it  has 
beon recognized trs MI aid in  rerlucirg  the  moisture  content 
of secd cotton [6]. This stud?- illustrtttcs the cllange in 
microcblimate tllttt rcsult's in cott'orl fields from defoliation. 

The  objective of this  study is the developm.ent of an 
underst:mcling of moist'ure v:triat~ion within  cotton fields 
which will form the basis of :t technique for forecasting 
" s d e "  picaking c-ontlitiolls. 

The history of we:~thcr  observatio~r programs designed 
to increase  the cfficiency of t'he cot'ton  indnst'ry tint'es b w k  
many years. The Organic  Act of the  Weathcr Bureau 
en:tcted in 1890 stnt'es  its mission in  part as ". . . the  report- 
ing of temperature  and  rainfall  conditions  for  the  cotton 
intcr.c.sts . . ." This  Act is still  in effect' and its most 
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FIGITRE l.-HvgrothermograD11s in (A) leafed and (B) dofoliatcd 
cotton fields. 

recent'  implementation is the  Delta  Agricult'ural  Weather 
Project,  under  which the work reported  here was done. 
This  study  summarizes  obscrvatiolls and tests made  in 
cotton fields during  the  fall  seasons of 1958 through  1960. 
All tests were made in cooperntion  with  the Cotton Har- 
vesting  Section of the U.S. Department of Agriculture and 
the Delta Branch of the Mississippi  Agricultural  Experi- 
ment  Stmatmion. 

Observations  were  made  in  Delta  Experinlent St' '1 t' 1011 

cotton fields about  one  mile  sout'h of the Adlninistmr. a t,' ton 
Building. The area  is free from  obstructions  and  typical 
of most  Del&  cotton fields. Deer Creek makes n wide loop 
around t'he area t i t  a distance of about' 0.4  mile  north of t'he 
observation  sit'e, 0.8 n~ile  to the east, and 0.3 mile to t'he 
south. Trees about 50 feet  high ttrc scattered along t'lle 

creek.  hlcnsurcment~s  were  nladc  in  both  defoliated ttnd 
urldefoliatcd  cotton fields wit'h  sirnilar  crop cover extending 
several hundrcd yards in  all  directions  from the  instru- 
tllerlt site. 

Because of the  remarkably  uniform  growth cht1r:lctcr- 
ist'ics of cotton  grown  in  this  experinlent,al field and the 
scientific  f:trnling  practices, cotton stands of great sirni- 
larity were ;tvuil:thle for  rnicroweatller  observat>ions  during 
the three fall seasons. The  average  height of the  cott'on 
plant's  did vary slightly:  in 1958-59 cot't'on averaged 5 feet 
high  and in 1960, 4 feet. Leaf density was very  similar; 
table 1 shows  the 3-yc:~r average  values of leaf, and  stalk 
ant1 lint cross-section :%rea in square feet for each  cubic 
foot of space  occupied by  plants.  Thc leaf area, or t'he 
area avtdnhlr for  tmrrtnspiration,  in  the  defoliat,ed field was 
only 2 percent of t'he leaf area in t'he  undefoliat,ed  field. 
The total arm of leaf, stalk  and  lint, or the area available 
for  obstruction to  wind ttnd sunlight,  in  the  defoliated field 
was I 5  pcrcwlt of t'hc arca  in  the  undefoliated. 

2. RELATIVE HUMIDITY  AND TEMPERATURE 

Itclative  humidity  shows  considerable  variation  in  cot- 
ton fields  :md in  turn is :I key  to t'hc vuriation  in seed 
cotton  ~rloist~urc.  The  air  surrounding  cot't'on  plants rr- 
wives  vapor frotll t'ho t'rtlrlspiring plants,  evaporation  from 
lrloist  soil ant1 r:titlfJl, m d  from  mixing  with  moist  air 
llloving northward from  the Gulf of Mrxico.  At  night, 
the tlir frcyucntl>- loses wat'cr  vapor  by dew fonllation 
hut t,his is usutllly returned t'hc following day by evapora- 
tion. Vapor lossrs of more import:mce occur with  rising 
:Lir currmts, especially  when  :tcconlpanied by strong  dry 
winds. hlost of t'he diurnal  variat'ion  in  relative  humidit'y, 
wllich  is :tn important  variable  in  designing a picking 
program, is caused by variation  in  ternperature  rather t'han 
in absolute  cont.ent of n~oist'ure. 

Hygrothcrnlographs were plttced in  instrument  shelters 
a t  a height of IO inches  above  the  ground (see fig. 1) and 
a t  54  inchcs  above t'lw ground (top of cot't'on  averaged 60 
inches)  in both defoliatcd and undefoliat8ed  cotton fields. 
T:tblc 2 shows the avcragc daily  minirnuln  relat'ive 1111- 
nlidity  and  maximum and ~r~ininlum  temperature and 
tenlpcraturt~  range  for 35 days without  rain  from Scp- 
tenlber 22-November 5 ,  1959. 

The  minimum  daily  humidity deep within the plant 
zone averaged  9  percent  lower  in the defoliated field than 
in  t,hc  leafed  field. At  the top of t'he  plant zone, relative 
humidity was slightly  higher  in  the  defoliated field. 
Highest maximum  temperatures,  which  are  approximately 
concurrent, with minimum  relative  humidity,  ocrurred  in 
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the defoliat,ed field. The  largcst temperature range wtrs 
at the low level in the dd'oliatrd field and  the  smallest 
rallge was within  the  plant cover of the leafed fi:lltl. 

The  vertical  variation ol' relative  humidity  in  thc 
defoliated field was similar to the variation  that  occurs 
above bare  ground. In this  case,  t'h-  relative  humitlit- 
was  slightly less near thr. ground  than at  t,hc top of the 
plant,.  Geiger [7] calls  this  distribut,ion  the "dry type" 
and  indicates  that  it is very rare, and indeed, he  stated 
that it, has been observed only in southern  India, par- 
ticularly over the blncl< cot>toll  soils. I t  is  possible that, 
the  instruments used in  this  experiment  are  not  precise 
cnough to det,ect' a 1 percent difference; however, it' \vas 
unusual  that,  the  relative  humidit'y was not higher near 
the ground. 

maid?-  the  result) of exposure. The low level  is sheltered 
from  the sun  and wind; thus moisture  is  not) as free to 
disperse into the atmosphere as from the top of the plant 
zone. A smaller effect is the  lower temperatures rausetl 
by shading.  Using the 1%59 data as an example  (table 
a), if the maximum  temperature of 74.3" F. ohservctl at 
the IO-inch level were raised  to  75.0' P. ( the  maximum a t  
54 inches),  the  relative  tlumitlitJ- of' the  air  parcel wo11ld 
be reduced less than one  percent. Since the cliffcrcnce i n  
relative  llmnidit'y  between  t'he two levels was actually 8.8 
percent,  the difference  in temperature alone c~mnot 
account lor the  measured difference. T h c  higher humidity 
at,  the low level must  have been  caused by the lack of 
mixing  with  drier  air above the  plant zone. 

Observations made during the fall seasons of 1958 and 
1960 conformed in pattern to the  detail  given abovt for 
1959. For the %-year period, the relative  humidity 
averaged  hetween 8 and 10 percent' higher  lvithin the 
plant zone ol' the leafed  field, and  the  humidity remai rd  
below 50 percent lor one  additional hour in the defoliated 
field. 

The variation in r e l a t i ~ e  hurnidity in a lcafcd firltl  is * 

3. WIND AND SUNLIGHT 

Wind variation.-Air movcment act,s in I m t h  the 
vertical  and t,he horizontal  plane to  change  the  moisture 
level on and  near cott'orl  plants.  Wind can completely 
change temperat'ure and moisturtt  characteristics of air 
surrounding  cotton  plants  at  times of air  mass  change  and 
cause minor  modifications  at'  other  times.  Vertical  air 

FIG [.RE: Z.--\Vt:tlther tower in cott,on field. Anrmornetcr, hygro- 
thermograph, :md Livirlgstoll n t ~ n o r ~ ~ e t c ~ r s  located on top of 
tolwr.  

movcment mixes tlrc air near the  plant with  air of differing 
charactrristics at some llcigllt above the  ground. 

Vertical  air  movernrrrt was not measured  directly; 
howewr ,  the air sta1:ility which is related to vertical 
movcment was rncasuretl. T h e  temperature  at' 5 feet 
ahovc the  g r o ~ n d  nlirlus the temperature a t  35  feet was 
the  measurement ol' air stabilitJ7 used in this study. 
Whrn the tlifferellce was positive,  i.e., the  temperature 
near the  ground was higher t h s n  the t2mperature a,t the 
upper  level, the air was more  likely  to  undergo  vert,ical 
motion hy way ol' turhulent  eddics. In this  portion of 
the  report,  stability and wind arc represented by daytime 
avcragc (7 a.m. to 5 p.m. LST) and nighttime  average 
( 5  p.m. to 7 a.m. the next morning). From Scpt,ember 
3O-Xovembcr 8, 1960, the daytime  stability  averaged 
+1.45' and the  nighttime  stability, "2.18'; consequently 
vertical motioI1 was much more ol B factor in the  daytime 
ttmn at  night. 

The wind was measured at 40 feet  above t'he ground on 
top of the ohserva tion tower shown in figure 2 and at  7 fret 
above the ground which was 3 feet above the  defoliated 
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FIGURE 3.-Ane1nometer, instrument  shelter,  and  Livingston  atmometer (observer refilling at~momc~tc~r)  in cott,orl ficlds. 

cotton  tops  shown irk figure :j. The wind on the tower 
averaged 5.27 m.p.11. and at the lower  level  averaged 
2.45 m.p.11. During the daytime,  the  upper w i n d  aver- 
aged 6.50 m.p.11 and  the  lower  3.65 m.p.h.; t ' l~us,  the lower 
level was 56 percent of t'he upper level.  At  night, t'tlc: 

wind averaged  4.40 m.p.11. a t  the upper  level a n d  1.55 
m.p.11. a t  the lower  level. At, night'  the lower w i n d  was 
only 35 percent) ol' the upper level. 

'r 
Stobillty = + 1.7 

-0.24 +0.54X (r  = .92) 
Stobility = +0.2 

Averoge wind speed in rnph 01 40 feel 

FIGURE 4.-Rclationship between tvind speed a t  40 feet  and 7 feet 
above  the  ground,  above  4-ftet  high  cotton, as a function of air 
stability at Stoneville, Miss., September  30-Novembcr 8, 1960. 
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TABLE 3.-The average w ind  speed in defoliated  and  leafed Jields at 
2 ,feet above the ground (cotton planis /t ,feet high)  and  at 7 Jeet and 
40 ,feet above the  ground,  Nov. 1-8, 1960, Stoneville, Miss. 

Time (I.ST) 

7a.m.-5p.m- ............................ 
5p.m.-ia.m ..-. ~ ............ ~ ._._....... 

TARLE 4.--Evuporation , from  Thingston  atmometers  and percent 
increases os black ofmr while at an unobstructed area and within 
cotlon  foliage, S e p i .  SO-Sou. 8, 1960, Slonezdle ,  .Iliss. 

wirld a t  7  feet  was only about 3 m.p.11. urdcr  stable 
conditions. 

The  dashed  curved  line  is a parabola  representing  the 
same  conditions  shown  in  the  lower  solid  straight'  line 
(stable air).  This  curve  is  valid  only for wind speeds of 
about 1 to 6 m.p.11. a t  40 feet and is included to empha- 
size the  stilling  influence of very stable conditiolle;  t,he 
air  was practically  calm  at'  7 feet  wit'h  less  than  4 or ci 
m.p.1). a t  the 4O-foot level. 

During  the  period of November 1-8, 1960, wind  rcatlings 
were made a t  a height of 2 feet  above  the  ground in fitltls 
of defoliated and  undefoliated  cotton :Lbout 4 feet  high. 
During  this  period,  the  defoliated field offered only about, 
30 percent, as much  surface  leaf,  stalk,  and boll obstruction 
to mind as did  the  leafed field. Table 3 shows the  average 
daytime and nighttime  wind  speed  in the defoliated and 
leafed  fields a t  2 feet  above  the  ground  and  at,  the 7-foot 
and 40-foot levels. 

Practically no wind  occurred  within  the  cott,on foliage 
at  night  unless  the  prevailing  wind was relatively  strong, 
at least' 10 m.p.h.  Daytime wind speeds  in the defoliated 
cotton  averaged only 25 percent' of t'lle  wind a t  7  feet and 
the wind in  the leafed  cotton  was  only 6 percent of the wind 
at  7 feet. At night,  t'he  wind  speed  in  the  defoliated 
cotton was only 2 percent of the 7-foot wind while t h e  
wind in the  leafed field was  less than I percent of the 
7-foot wind. 

Sunlight  variation.-The  difference between the amount' 
of water  evaporated  from a white  and :L black  1,ivingston 
atmometer  gives an irldicat,ion of sunlight or solar rndia- 
tion [SI. Table  4  shows  the t o t d  evnporation  from the 
white and black  atmometers  at' 32 feet  (unobst~*uetetl 
locat,ion) and at 26 inches  (within a leafed field) and the 
percentage of increase  in  evaporation of the  black over t h t  
white. 

At the  unobst'ructed  location,  evnporation  from  the 
black atmometer  lotaletl 57 percent'  more  than  from  the 
white  atmometer.  Within  the  leafed ficld, evxporntion 
from the  black  atmometer  totdctl  16  percent morc th :u1  

from tlle white  atmometer. The percentage  increuse  in 
the leafed field amounted to  only 28 percent of t h e  pcr- 
centage increme at the  unobstructed  location. 'I'his 28 
percent can be  assumed to  approximat'e the amount of 
sunlight that  reached  the  inner zone of a leafed cwtton 
field. I,css than tt third of the sunlight  that  was a m i l a b l ~  
t80 the top of a 4- to &foot  cotton  plant was a v d a b k  to 
the  nliddlc of the plant. 

Both  wind and vertical  air  currents  are at a maximum  in 
the d:bytimc m t l  are  usually  quite small a t  night.  Wind 
increases  with incretlsing height and with  decreasing 
amounts of leaf  obstruction.  Sunlight  is  much  reduced 
within the leaf ctlnopg. Higher  humidity and con- 
seyueutl3-  higher seed cotton  moisture  content  in well 
lcafetl fields, :LS compared  with  defoliated fields,  is in  part 
rehtetl  to  the  absence of wind ant1 sunlight  in  the 1e;Lfed 
area. 

4. DEW INTENSITY 
Dew is a frcqucllt  and  important  cause of wet' cotton 

and must he considerctl  in  designing a cotton  harvest 
program. ' I ' h c .  daily  probability of rain  is under 20 per- 
cent' d l i k  the  probability of dew  is  over 80 percent  in t,hc 
Dcltu  during the  11:lrvest' setmon. 

Dew u-21s collccted :It thc  observation  site on t l~in,  
paintctl,  metal shwts. On nights with heavy dew, 
approximatel)* 2 ~ m . ~  of water condensed on each 100 
of surfacw. This  is  assumed to be fairly  representative of 
tlew t h a t  formed  on  cotton plants :md is the  moisture 
equivulcnt of :Ll)out 0.01  inch of rain. For purposes of 
this  rcport' t lew was classified as: none,  light,  moderate, 
heavy.  Rain  fell on 5 nights of t,he  40-day  observation 
period, Scptemher 30-November 8, 1960 and  these 
irltervds were omitted from this portion of tlle report. 

Huschkc [9] lists the following conditions :IS favorable 
for dew formation: (a) a ratlirtting  surface, well insulated 
from the heat'  supply of the soil, on which vapor mtLy 
colltletlsc; (b) tl  clear,  still at'mospherc with low  specific 
hrmlitlity  in d l  but  the  surface ltlyers, to  permit sufficient, 
cffcctivc terrc.stri:ll rndi:ttion to cool the surface; and (c) 
high r e l : ~ t i ~ ~  humidity  in the surface air layers, or an  
adjncwlt source of moisture  such as  a. lake." 

rl'l~c :Lv:Lil:Lbility  of moisture  is very rarely  the  limiting 
factor  in  dcw  formation  in the Delta, because of the  many 
1:llces a n t 1  ponds  in  the area. During  periods of extended 
drought, the av:til:lbilit.>- of moisture  is vastl. reduced. 
h h n y  of the l : ~ l ~ s  and p o d s  dry out and t'rees l111d crops 
u n t l c r  moistwc  stress do not  supply  much  moisture by 
tr:mspir:Ltion. During  the  drought ycnrs in the  early 
1950's thp  luck of local  moisture was A limit'irlg factor  in 
clcw fornultion;  lmwcver, it has  not been n factor in the 
:j years of current We:Lther Bureau  espcrinlents  in  cotton 
fields. 

Rela>tim humidity i 7 ~  relation to dew intensity.-To 
determine the  r~elationship between relative  humidity  and 



TABLE 5.-Relative humidi ty  at 5 feet above  the  ground, 1 foot aboue 
defoliated  cotton,  as  related  to  dew  intensity  Sept. .40-Nov. 8, 1!)60, 
Stoneville,  Miss. 

- . .  
1 I 

Pcrccnt of  1 Avcrnec relative tluruirlity 
Averace nights on  precedinz ( l ag  

Dew intensity  humidity  humidity 

percent 

dew int8ensity  on  cot'ton fields, t'he  hum.idity u - : ~  measured 
at, a height' of 5 feet tkbove, the ground,  which TWS 1 foot 
above the top of t t  defoliated cotton field. As sllow~l  in 
table 5 ,  the  relationship  varied  wit'h the tim.e of day. 
After midnight,  there W A S  a close direct re1:rtion between 
relative  hum.idity and dew int'ensity.  Between the pre- 
ceding tLfternoon's relative hurn.idity :md dew occurrence 
next' m.orning, the  relation was inverse.  There was very 
litt,le  relation  between humdity  during  the  early evening 
and dew int'ensity  t'he following  m.orning. 

During  nights  wit'h  heavy  dew  thc  air  remthctl swtu- 
rated;  relative 1lum.idity equaled 100 percent from. 1 t l . m .  

to 6 a.m.  During 5 of the 7  night's  with  moderate dew, 
the humidity  was 100 percent cont'inuously  during  that 
period,  but) wit'h light  or no dew  it' was never  continuonslf. 
100 percent for the  5-hour  period. 

On nights  wit'h heavy dew- t'he avertrge time of stlturation 
was 12 p.m.. (midnight) n r l d  the latest timw of stiturntion 
was  1 a.m. With m.oderate dew, the air reachetl stLtura- 
tion about I$$ hours  later.  On  nights of light or no tlew, 
the air was saturated  for only very brief periods if a t   d l .  

Table  5 shows that the  highest  humidities for r1ighttim.e 
periods  before  m.idnigllt, occurred  with  moderat'e to  heavy 
dew. In the case of light dew and no dew, higher 1lum.idi- 
ties  occurred with no dew. At such  tirnes,  fairly  high 
humidit'y  in t'he evening was accorn.punied by cloudiness 
but  t,he  clouds  persisted  through  the  night :mtl prevented 
the  ground  from cooling tlnd thereby prevented saturation. 

The  last columm of table 5 shows that low afternoon 
humidities  often  preceded  high tlew intensity.  This 
merely  indicates  t'hat,  clear days were usually follou~etl by 
clear nights  and  the  large  diurnal  temperature  change 
gave low relative  hum.idities in the day t ~ r r t l  high vdues at' 
night. 

TABLE 6.-Relation of percent  opaque sky  cover,  excluding  fog,  as 
measured by the  Greenwood, Mtss., FAA station  during  the h,ours 

Sept .  SO-Nov. 8, 1960. 
of 7 p.m.  through 6 a.m.,  to  dew  intensity  at  Stonevillr, Iiliss. 

Dew intensity opa(1u8 
Prrcmt uf 

sky  rover 

TABLE 7.-I~elnlion of dew  intensity  and average wind speed in m.p.h. 
, f rom 5 p.m.  lo 7 a.m.  at  two levels  above  cotton  jields  at  S'toneville, 
ll)liss., Sept .  .i'O-AVov. 8, 1060. 

IIcavy .................... 0 . 4 2  3.40 

NUIIC  .................. 3.10 6. 81 

' V1.p .h .  i m.p.h. 

lloilcratc .............. .89 2. 99 
I,ighht-~- ................. 1 1,;s ~ 5.46 

(71owl cowr in relation to dew intensity.-The vtwiable 
used to represent  cloud  cover  in  this cxperim.ent was the 
percent' of op:tque sky cover, excluding  obstruction  by  fog, 
from the hours of 7 p.m. through 6 a.m.  as  measured by 
t'hc Greenwood FAA station 43 m.iles to the east. T h e  
distance  between the two observation poillt's intmroduces :L 
small  error;  however, the difference is usually  quite sm:dl. 
Table 6 shows tha t  an  average of  72 percent' opaque sky 
covcr occurred on nights  with no dew for'm.at~iot1. Thr  
rf7ec.t of lesser  cloud amounts WAS indeterm,in:lte. 

Wind speed +n relation to dew intensity.- Tablr 7 shows 
the :~ver:lge witid speed from 5 p.m. to 7 a.m.. as recorded 
a t  7 feet t~bove the  ground t tnd at 40 feet tlbovc t,he 
ground. The speed at 7 fcet is indicative of conditions 
3 leet abovc defoliated cotton pltlrlts m d  the speed a t  40 
feet c3omp;lrts with  wind  observations at' airport  stations 
in the tuea. AIotlcrat'e to heavJ- dew \vas associated with 
nvcrage winds a t  40 feet of less than 3 m..p.ll.,  light dew 
with avcr:tge winds of 5-6 m..p.h., and no dew wit,lrl an 
average of about 7 m..p.h. 

Tahlc 8 shows tlle relation of dcw intensity to air 
stability. On nights  with no dew, t'lw tlveruge st,tLbilit,y 
\+.as not far from zero; this means tllnt'  the air in t'hc  first 
30  feet above  tlle  cott'on  plant' TV~LS near neutral  stability; 
i . c . ,  verticxl  m.otion was possible m.ost of the  time. On 
nights  with dew, t he  air was normally  quite  stratified. and 
little  verticttl motion occurred.  Occasionally  heavy dew 
occurred on cotton  plant's while the  top of the tower was 
dry,  indicating a very  shallow  temperature  inversion. 
Since the inversion  height'  is norm.ally above the tjower top, 
t,hc sttLbility rneasurem.ents of this  experiment can differ- 
entiate between dew and no tlew but  cannot  be  used to  
forecast  dew  intensity. 

TABLE S.--Xelalion of dew  intensity  to  air  stability a s  measured bl/ 
the  temperature  at 5 jert above  the ground rninua th3e temperature  at  
35 fee t  a b o v ~  the  ground f r o m  5 p . m .  to 7 a.m.   Sept .  SO-Nov. 8, 1060,  
S'foneville, i2fiss. 

1)rw intensity ' Avcra:r , stability 

Heavy ............... 

72 None ................ 

5 MOderatP 
4 1,icht 

8 
............ 

.............. 

IIcavy ............... 1 -2.49 I\ lodcrate.~ .......... "2.63 
Light- ............... -3.90 
Nono ............... -.27 
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32-foot levels was primarily  due to  st'ronger  winds :kt t h e  
upper level. The  variation  between  readings  in fields of 
different leaf cover was caused by differing  rclat,ive 
humidity,  amounts of sunshine, ttnd wind  speeds. 

The fifth  column  in  t'able 10 contains  regression equa- 
tions  which  est'inmte the evaporation  at'  the &foot  level 
as a function of the individual  location. The  last  column 
gives correlation cocfficients  which show the  relation 
between the  evaporation  att the various  observation  points 
and  the  evaporation at the &foot level. The evaportttion 
a t  each of the  various  observation points :tppe:trs to  be 
closely related to  the  evaporation at the &foot,  level. 

Readings  within  the leafed  field, dthough  highly 
correlst'ed  showed the poorest relation. 'I'his lower 
correlation  is  believed to have been caused by 21 slight8 
change  in leaf cover that, occurred  during thc experiment, 
and not by any fundamcnt3td difference in  relation to 
measured  variables. A light  frost  occurred Octobm 21 
and a few top leaves  were kille,d. 'I'hcy dried up during 
t'he last of October and subsequent  frosts killed more 
leaves  early  in Kovember. Resides offering less resist:tnco 
t,o wind and  sunlight,  the  dried leaves Iatc  in the scason 
did not transpire 21s much  moisture; thus t h e  sllcltcred, 
moist climate that  extistetf through  the first two-thirds 
of October u-as modified considerably 1 ) ~ -  t h e  end of thc 
period. 

To obtain an estimate of how the evaporation  within 
the loafed field increased  during  the  cxperimcllt,  the 10-dtl~- 
total  evaporation at t h e  &foot  level \ms  divided  into  the 
10-day total ev-aportttion from thc various levels within the 

Evwpor:tt,ion in thc undofoliat~ed  cotton field using thc  
&foot r e d i n g  :IS a st~ant~nrd shows some irl(!re:rS(> dllring 
the  third period and i t  sharp incrcasc during the last 1O-tlay 
period. This  undoubtcdly was due t o  the reducation of 
leaf cover, antl to a lcsser extent to  the aging of the existing 
leaf cover as cold wxther  advanced. One interesting 
point is that the black atmometer in tllc leafed tiicdtl IMI 
less evaporation  than the white  atmometer 8 inches 
higher during the first  30 days of the period;  but,  during 
the  last 10 (hys, the  cor~ditiorl  reversed.  This was cuusctl 
by the increase  in  sunlight  within the  leafed field a s  tho 
leaf cover gradually  became less. For cornp;lrison pur- 
poses, evapor:Ltion at the same hcights in the dcfo1i:ttetl 

cottoll fields. rrwllle I I sllon.s tllesc IllciLsures. 
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FIGURE 8,"Averagc sea lrvel pressure in millibars a t  12 a.m. (A) 
Six days with evaporation from Livingston ntmorneters a t  5 feet 
:t\)ovc! the ground ( o w  foot above defoliated cotton) of 30 cmf 
or more. (U) Six days when evaporation was less than 10 cm.3 
Stoncville, Miss. Stlptemher 30-Novcrnl)er 8, 1960. 
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Rain past 24 hours -- Use heavy dew l ines  

Gusty winds -- Subtract 30 minutes 

Cloudy sky - Add 30 minutes 

Raining - DO NOT PICK 

FIGURE 9.-Daily guide for beginning  mechanical  cotton  picking, Mississippi I M t a  Area,  designed  jointly by the Cotton  Harvestir~g 
Sect,iorl, ABS,  and t,he Wr:Lthcr Bureau. 

than  in leafed  fields. I t  normally  st'ayed below 50 per- 
cent,  an  estimate of "safe"  picking  conditions,  for an 
addit'ional  hour  in  defoliated  fields. 

Wind and  sunlight  within a cotton field were  found 
t'o be  inversely  proportional  t'o  thc  amount' of leaf cover. 
The decrease of wind and  sunlight  within  the  cotton 
field was related  to  the  variation of relative  humidity 
at  the  same level.  Sunlight  was  much  reduced  wit'hin 
a leafed cotton field.  Less than a third of the  sunlight 
measured a t  the top of 4-foot-high  cotton  penet'rat'ed 
to  within 1)i feet of the  ground.  Wind  increased  with 
increasing  height above  the  ground  and  decreasing  amounts 
of obst'ruction.  At 2 feet  above  the  ground  in  the  cotton 
fields, dayt'ime  winds  in a leafed  field  averaged  only 6 
percent of the wind a t  7 feet  above  the  ground and in a 
defoliated field they  averaged 25 percent of the wind a t  7 
feet  above the  ground. 

Dew is t'he  most  frequent,  wetting  factor  in  cotton 
fields a t  harvest  time.  Heavy dew  occurred  wit'h  clear 
skies,  light  winds,  stable  air, and high  nighttime  humidities 
in  cotton fields. In t'hc cases studies here, a large  high 

pressure  system a t  sea  level over, or north of, the  Delta 
was associated  with  heavy  dew; low pressure,  especially 
in  the  form of a northeast-southwest  trough  in  the  area, 
was  associated  with no dew. 

High  values of evaporation were favored  by  st'rong 
sunlight, low humidities,  and  strong  winds.  Evapo- 
ration  was twice as great  in  a  defoliated field as  in a 
leafed  field. In addition  to  the difference in  total  eva- 
porat'ion,  there  was a time  lag  in  evaporation  in  the 
leafed  field. A strong  westerly flow of air, as indicated 
on  the  sea level map, was the best  synoptic  predictor 
of high  rates of evaporation  in the Delta. 

The  cotton picking  guide  designed  jointly  with tho  
Cotton  Harvesting  Section of the U.S. Department of 
Agriculture gives the  frmner an early  morning  estimate 
of when  his  cotton will be  dry enough to  harvest.  Further 
studies  relating  weather  variations  to seed cot'ton  moisture 
variat'ion  and  object'ive  techniques  for  forecast,ing  dew 
and  evaporation  are  expected to refine the  guide  with 
an end  in  mind of giving the  farmer a technique  for  plan- 
ning  his  picking ttct'ivitics a t  least 12 hours  in  advance. 
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